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(54) Monitoring the breakoff point of a droplet generation system 



(57) In a particle separator for sorting particles suspended in a liquid according to certain characteristics, a change in 
the droplet breakoff point of a liquid jet stream which is subjected to vibrations is detected. The vibrations, generated 
. by piezo-electric crystal 24, produce, on the surface of the Jetstream 16, undulations, the amplitude of which is 
monitored at a fixed point 21 on the jet stream prior to the breakoff point, producing a signal voltage which is 
proportional to the amplitude change and which may be used (1 ) to alert the operator that the point at which the jet 
stream is breaking up into droplets has changed, (2) to automatically control the intensity of the vibrations for 
restoring the amplitude of undulation at point 21, or (3) to automatically disable the sorting portion of the apparatus. 
The detecting means can be a photodiode 44 sensing the light of laser beam 20 scattered by jet stream 1 6. 
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SPECIFICATION 

Method of and apparatus for detecting change in 
the breakoff point of a droplet generation system 

5 

This invention relates to apparatus for sorting mi- 
nute particles in a fluid, and in particular to such 
apparatus wherein a liquid jet stream containing 
these particles is vibrated to produce undulations on 

10 the surface ofthe jet stream and subsequent break- 
up of the stream into droplets which are then sorted 
according to the particle characteristics and col- 
lected downstream. 
Apparatus of the foregoing kind may be referred to 

15 as flow cytometric sorting systems and are used in 
the medical research and diagnostic field for the 
rapid analysis of blood cells and other biological 
cells. Systems for cell separation and sorting are 
described in U.S. patents 4,038,556; 3,963,606; 

20 3,710,933 and 3,380,584 in SCIENCE, Vol. 198, pages 
149-157, published October 14, 1977, and in the 
references cited therein. 

U.S. patent 4,038,556 discloses a method of and 
apparatus for the simultaneous optical measure- 

25 ment of several characteristics of each particle of a 
group of small particles while the particles are 
suspended in a liquid. 

U.S. patent 3,963,606 discloses a particle separator 
for separating particles in a liquid according to 

30 certain characteristics including a device for adjust- 
ing an electrical delay to be equal to the time 
between the emergence of a particle from a jet 
forming aperture to the breakoff point. 
U.S. patent 3,710,933 discloses an apparatus for 

35 automatically analyzing and sorting minute particles 
suspended in a liquid on the basis of certain 
preselected characteristics. 

U.S. patent 3,380,584 discloses a particle separator 
in which electrical pulses cause an acoustic coupler 

40 driver to vibrate the fluid which contains the parti- 
cles. 

The SCIENCE article, Vol. 198. pages 149-157 
discloses a flow cytometer. Fluorescence from biolo- 
gical ceils within a fluid stream is measured at the 

45 intersection with a laser beam. Droplets containing 
cells of interest are sorted out of the fluid stream. 

A major problem in using the cell sorter systems 
wherein a jet stream subjected to vibrations breaks 
off into droplets is ascertaining if a change has 

50 occurred in the point at which the jet stream is 
breaking into droplets. If the precise instant of 
breakoff with relation to the sense point changes, 
then the instrument ceases to be a cell sorter and 
becomes a water or saline solution sorter of un- 

55 known cell content. An even worse undesired result 
is that the unwanted particles are sorted when there 
is such a change in the breakoff point. Such a change 
is often due to changes in the mechanical coupling 
coefficients, such as air bubbles entering the flow 

60 chamber and partial plugs of the jet stream exit 
orifice. Optical sensitivities, such as the presence of 
undesired light, render impractical the use of an 
illuminating strobe source to observe the breakoff 
point on the jet stream while the system is taking 

65 data or sorting the cells. It is at this time of sorting 



that a monitor is most needed. 

The present invention provides: 
Method for use in a droplet generation system 

70 wherein a liquid jet stream is produced and vibra- 
tions applied thereto in order to produce undulations 
on the surface of said stream and subsequent 
breakup of the jet stream into droplets which are 
collected downstream, and sensing the undulation 

75 on the surface of said jet stream at a point on said 
stream prior to the breakoff point of said stream into 
droplets, said method comprising the step of: con- 
trolling said vibrations as a function of the undula- 
tion at said point. 

80 

The present invention aiso provides: 

Apparatus for analyzing and sorting particles 
suspended in a liquid, said apparatus including jet 
means for producing a jet stream from said liquid 
85 suspension, vibrating means for vibrating said jet 
stream to produce undulations on the surface of said 
stream and subsequent breakup of said stream into 
droplets for collection downstream, radiation means 
for impinging a beam of radiation upon said jet 
90 stream at a location thereon prior to the breakoff 
point of said droplets, and sensing means, coupled 
to said vibrating means, responsive to radiation 
scattered by said stream, for providing an output 
which is a function ofthe undulation at said location. 
95 Such apparatus can be used to sense in a droplet 
generation system a change in the amplitude of the 
undulations at a fixed point on the surface of a liquid 
suspension jet stream prior to the droplet breakoff 
point, and to indicate that such a change has 

100 occurred. 

It is also possible to automatically disable the 
sorting function in a particle analyzer and sorting 
system when there is a significant change in the 
droplet breakoff point. 

105 Furthermore, it is possible to utilize the informa- 
tion derived from a change in the amplitude of 
undulation at a fixed point on the surface of a jet 
stream to restore the level ofthe amplitude of 
undulation at that fixed point to its original state. 

110 In a preferred arrangement according to the 
invention a liquid jet stream containing minute 
particles in suspension is driven at the frequency at 
which it is desired to generate droplets normally 20 
to 40 KC depending on the diameter ofthe jet exit 

1 1 5 orifice; for example, 32 KC frequency for a 76 micron 
jet exit orifice diameter and 40 KC frequency for a 
50-60 micron jet exit orifice diameter. The jet is 
vibrated by introducing a small disturbance, as from 
a driven piezo-electric crystal, at the exit orifice ofthe 

120 jet stream. This disturbance is in the form of an 
undulation or a standing wave on the surface ofthe 
jetstream and this undulation grows as the jet 
advances and causes the breakoff of droplets down- 
stream. The amplitude of the disturbance or undula- 

125 tion at any point along the jet stream is a function of 
the distance of that point from the point of droplet 
breakoff and this aspect is described in the report of 
Richard G. Sweet, SEL-64-004, March 1964, ofthe 
Stanford Laboratories ofthe Stanford University. 

130 According to the invention, the amplitude ofthe 
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undulation at a fixed point is monitored. A change in 
this amplitude at that fixed point indicates a change 
in the breakoff point. A laser beam, used as the 
illumination source in the optical cell sorting sys- 
5 terns described in the foregoing U.S. patents, is 
utilized as a concentrated source of light rays in a 
preferred monitoring scheme of the invention. The 
laser beam strikes the jet stream at a fixed point and 
then the laser beam scatters to provide a lobe 

10 pattern of light that is in the same plane as the laser 
beam and is perpendicular to the jet stream. As is 
well known, this scattered laser light is modulated by 
the surface undulations on the jet Heretofore, this 
modulation has been considered to be an indesir- 

15 able phenomenon when cell light scatter is being 
measured and has usually been blocked out in the 
instrument The preferred arrangement detects such 
modulation by positioning a photo diode in the 
plane of laser light scatter. The output of the photo 

20 diode is converted to a voltage which may be used 
(1 ) to alert the operator either visually or audibly that 
a change has occurred in the point at which the jet 
stream is breaking up into droplets, (2) to automatic- 
ally control the intensity of the vibrations applied to 

25 the jet for restoring the amplitude of undulation at 
the point on the jet at which it is being monitored, or 
(3) to automatically disable the apparatus. Any one 
or any combination of the foregoing happenings can 
be utilized in the practice of the invention. 

30 If desired, a secondary source of concentrated 
light rays other than the laser beam can be used to 
impinge on or interrogate the jet stream at a point 
closer to the droplet breakoff point where the 
undulations are larger and, therefore, where the 

35 signal obtained therefrom is larger. In this case, the 
photo diode would be judiciously positioned to 
receive the light scattered or reflected from the jet 
A preferred feature of the invention is the sorting 
disabling circuitry which includes a fast change 

40 detector responsive to a rectified output whose D.C. 
level is proportional to the percentage modulation of 
the beam of concentrated light rays (laser beam, for 
example) as affected by the undulations on the 
surface of the jet stream. This detector controls a 

45 relay driver latching mechanism which acts to 
disable the sorting function of the particle analyzer 
whenever there is a significant change in the ampli- 
tude of undulation on the jet stream. This circuitry is 
provided with an operator reset device and an alarm 

50 which, if desired, can indicate the type of change 
based on the polarity of the output from the fast 
change detector. 

Another preferred feature is an automatic gain 
control {AGO loop system for varying the intensity 

55 of the vibrations applied by the piezo-electric crystal 
to the jet stream, for slow changes in the amplitude 
of modulation. The aforementioned rectified output 
serves as a control voltage for the AGC loop. This 
loop system varies the power which is applied to 

60 drive the piezo-electric crystal. As a result, fine, as 
distinguished from coarse, amplitude corrections on 
the surface of the jet stream is obtainable. An 
arm-disable control for the AGC system enable initial 
setting of the droplet breakoff point 

65 By way of example only illustrative embodiments 



of the invention now will be described with reference 
to the accompanying drawings in which: 

Figure 7 is a block diagram showing how the 
electrical elements of an embodiment of the inven- 
70 tion are coupled to a known type of particle analyzer 
and sorter; 

Figure 2 shows the electrical circuitry of the fast 
change detector, the relay driver latching mechan- 
ism and the alarm circuits of the diagram of Figure 1 ; 

75 Figure 3 shows diagrammatically the electrical 
circuitry for converting the signal obtained from the 
photo diode to a rectified D.C. which is proportional 
to the modulation of the light rays by the surface 
undulations on the jet stream; and 

80 Figures 4 to 5 illustrate in more detail the electrical 
circuitry of the blocks shown in Figure 3. 

Throughout the figures of the drawings the same 
parts are designated by the same reference num- 
erals. 

85 The block diagram of Figure 1 is divided into two 
parts by a dot-dash line 10. System components to 
the left of the dot-dash line are those which normally 
exist in a known type particle analyzer and sorting 
system, sometimes referred to as a flow cytometric 
90 sorting system. One such known sorting system is 
found in the TPS and EPICS series of instruments 
manufactured and sold by Coulter Electronics, Inc. of 
Hialeah, Florida 33010. Only those components of 
the particle analyzer and sorter have been shown 
95 which are necessary to explain the operation of the 
present apparatus. System components to the right 
of the dot-dash line 1 0 comprise parts of the present 
apparatus which have been added and couple to the 
known particle analyzer and sorter. It is to be noted 

100 that the automatic gain control (AGC) feature and the 
disabling feature involving a relay driver latching 
mechanism of the apparatus are inserted at two 
locations into the normal signal paths of the particle 
analyzer and sorting systems as will appear in more 

105 detail hereinafter. 

The known particle analyzer and sorting system 
shown to the left of the dot-dash line 10 will now be 
briefly described. It includes a flow chamber 1 2 into 
which a saline solution (normally 13 p.s.i.g) is 

110 introduced under pressure and exits through a small 
orifice 14 (diameter ranges from 50 u to 200 u, 
depending upon the application of the system) to 
form a liquid jet stream 16. The sample (a suspen- 
sion of minute particles, such as blood cells or 

115 biological cells) is introduced into the flow chamber 
12 through a tube 18. Below the exit orifice 14 and 
above and prior to the breakoff point, the jet stream 
16 is interrogated by a light source or radiation 
means 20 (normally a laser beam) and the response 

120 of the minute particle in the sample to the illumina- 
tion (normally light scatter and fluorescence) is 
detected by the sensor system 22 also at a point 
prior to and above the breakoff point 
The flow chamber 1 2 is mounted to and supported 

125 by a piezo-electric crystal assemblage 24 which 
vibrates the chamber the chamber 1 2 at a high 
frequency. The exact frequency at which the cham- 
ber 12 vibrates is dependent on the selected dia- 
meter of the exit orifice 1 4 which frequency is 

130 normally 20-40 KC. These vibrations impart smalj 
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disturbances, normally undulations, on the surface 
of the jet 1 6 which grow, due to well known surface 
tension effects, and eventually pinch the jet off at a 
breakoff point 26 into well defined droplets 28. The 

5 exact distance from the nozzle containing the orifice 
1 4 to the breakoff point 26 is inversely proportional 
to the amplitude of the initial disturbance or undula- 
tion. The size of the disturbance is proportional to 
the amplitude of the signal voltage applied to the 

10 crystal 24, if the mechanical coupling coefficients of 
the system hold constant. Unfortunately, there are 
several factors which can cause changes in the 
mechanical coupling coefficients and these factors 
are difficult to eliminate. These include air bubbles 

1 5 entering the flow chamber 1 2 with the sample or 
with the saline solution and partial plugs of the exit 
orifice 14 due to debris, such as broken-up cells or 
fat. 

The piezo-electric crystal is driven by a power 

20 amplifier 30 which normally derives its signal from a 
frequency generator 32 through a variable potentio- 
meter 34 which is used to vary the amplitude of the 
signal applied to crystal 24 and therefore vary the 
nominal breakoff point 26. Potentiometer 34 serves 

25 as a coarse correction source to the drive of power 
amplifier 30 driving the crystal 24. Line 36 designates 
the normal path from the potentiometer 34 to the 
power amplifier in the absence of the components 
embodying the present invention. The system 

30 embodying the present invention has incorporated a 
switch 59 which is not present in the prior art 
systems, for a purpose described hereinafter. 

Connected to the sensor 22 is the sort decision 
logic 38 in which the signals obtained from the 

35 detectors {not shown but forming part of the sensor 
system 22) are applied to a set of criteria to decide 
whether or not it is desired to capture the particle 
originating those signals. If capture is desired, that 
decision must be delayed, as by sort delay 40, while 

40 the particle travels from the sense point to the 
breakoff point. A sort pulse is then formed by sort 
pulse forming circuit 41 and amplified and applied, 
through power amplifier 43, to the jet stream as a 
voltage just as the droplets which will contain the 

45 desired particle breaks off from the jet. Because of 
this impressed voltage the droplets break off with a 
net charge. The jet of droplets passes through an 
intense constant electric field which accelerates the 
charged droplets in the horizontal plane as they 

50 travel downwards. Thus charged droplets travel in a 
different path from the path of uncharged droplets 
and fall into different capture vessels, thereby effect- 
ing a physical sorting of the particles. Atypical rate 
of sorting for this process is 4,000 particles per 

55 second. Reference is made to U.S. patent 3,380,584 
which discloses a way of impressing a voltage on a 
downstream portion of the jet stream containing 
particles to be charged for subsequent collection and 
to an article by Hulett, Bonner, Sweet and Herzen- 

60 berg, CLINICAL CHEMISTRY, Vol. 19, No. 8, 1973, 
which discloses impressing a voltage on an up- 
stream portion of the jet stream for the same 
purpose. 

The foregoing system is known in the art and no 
65 claim is made herein to this prior art method of 
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analyzing and sorting minute particles. Such appar- 
atus is disclosed in the aforementioned U.S. patents 
and the references cited therein. 
The present apparatus makes use of the relation- 

70 ship between the amplitude of undulation on the 
surface of the jet stream at any fixed point and the 
position of the droplet breakoff point to ascertain 
that there has been a change in the droplet breakoff 
point As stated hereinabove, the amplitude of the 

75 undulations increases as the breakoff point is 

approached. An increase in amplitude of undulation 
at any given point along the jet is an indication that 
the breakoff point is closer while a decrease in the 
amplitude is an indication that the breakoff point is 

80 further away. The apparatus embodying the present 
invention monitors the position of the breakoff point 
to effect any one of the following three results: (1) to 
provide an Indication, either visually, as by means of 
a meter, or audibly, by means of an alarm, of a 

85 change in the breakoff point, (2) to disable the 
sorting process and sound an alarm if there is a fast 
change in the breakoff point, or (3) to automatically 
and promptly restore the breakoff point, as by 
means of an automatic gain control loop, for small 

90 and slow changes in the breakoff point. 

The system components to the right of the dot- 
dash line 10 of the block diagram of Fig. 1 comprise 
parts of the present apparatus which couple to the 
known particle analyzer and sorter appearing at the 

95 left of dot-dash line 10, and include a photo diode or 
sensing means 44 which detects the light scattered 
by the jetstream 16 as a result of the impact thereon 
by the concentrated beam of intense light 20. This 
scattered light has two components: a D.C. compo- 

100 nentwhich is proportional tothesize of the jet 
stream 16 at the sense point 21 , the point on the jet 
stream 16 at which the beam of light strikes it, and 
the power of the intense light beam 20 (the laser). 
The diode 44 is operated in the current mode, that is 

105 to say it is terminated in low impedance, thereby 
producing a linear optical power-to-current relation- 
ship and reducing the effects of diode capacitance 
for maximum electronic bandwidth. Photo diode 44 
is coupled to an operational amplifier 46 which is 

110 operated as a transimpedance amplifier. Amplifier 
46 converts the current from the diode 44 to a 
voltage linearly. The output from the transimpe- 
dance amplifier 46 splits into an A.C. path including 
A.C. amplifier 48 and a D.C. path including D.C. 

115 amplifier 50. 

The A.C. path contains the basic information to be 
used in the practice of the invention, viz, the 
amplitude of the undulations on the jet stream. 
Because the amplitude of the undulation signals 

120 generated at the photo diode detector 44 are low, 
this signal is given considerable gain by the A.C. 
amplifier 48, of the order of 1 0 3 . In order to improve 
the signal-to-noise ratio in this A.C. path the band- 
width of the A.C. amplifiers Is limited to the range of 

125 frequencies of oscillation applied to the piezo- 
electric crystal 24. 

Since the size of the jet 16 is held constant during a 
test run of sample particles and is rarely changed, 
the D.C. component is proportional to the size of the 

130 jet 16 and the power of the laser 20, then a change in 
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the D.C. level in the path including D.C. amplifier 50 
can be considered to be a change in laser power. The 
signal through the D.C. path controls the gain of a 
voltage controlled gain amplifier 52 in the output of 
5 the A.C. path, thereby enabling the A.C. path signal 
to be normalized as to laser power, as a result of 
which recalibration of the apparatus is eliminated 
each time the power of the laser 20 is changed. 
Stated another way, the D.C. path removes the effect 

10 of a change in laser power from the measurement of 
the distance from the sensing point 21 to the 
breakoff point 26. 

The A.C. signal from the voltage-controlled ampli- 
fier 52 is rectified by rectifier 54 (preferably a 

15 full-wave rectifier to obtain a smoother D.C. signal 
output therefrom) to provide a D.C. signal on lead 56 
which is proportional to the amplitude of the undula- 
tions on the jet stream 16, and proportional to the 
distance from the sense point 21 to the breakoff 

20 point 26. The details of one suitable full wave 
rectifier which can be used is shown in Figure 8. 

There are three ways for utilizing the D.C. voltage 
on lead 56. The simplest is to drive a percentage 
modulation meter 58 which provides a visual indica- 

25 tion as to the position of the droplet breakoff point 26 
on the jet stream 16. Properly calibrated, such a 
meter 58 can be used to set the breakoff point 26 by 
manually adjusting potentiometer 34 and using the 
normal path 36 in the known analyzer and sorter 

30 apparatus to bypass the AG C system hereinafter 
described. The meter 58 is connected so as to be 
operable at all times. 

The rectified voltage on lead 56 (the output from 
rectifier 54) can also be set as a control voltage in an 

35 automatic gain control (AGC) loop which will pro- 
vide fine, as distinguished from coarse, corrections 
to the voltage drive or power amplifier 30 which 
feeds the piezo-electric crystal transducer 24 over 
path 60, and therefore fi ne corrections in the drift in 

40 the breakoff point 26, assuming of course, that 
control of the normal path 36 is transferred by 
switching means 59 when the AGC feature of the 
apparatus is utilized. This AGC loop includes an AGC 
amplifier system 64 which is fed from the voltage on 

45 lead 56 over lead 66, and is similar in design to the 
circuitry of voltage controlled gain amplifier 52 as 
illustrated in Figure 7. A suitable double pole-single 
throw switch 59 is connected across leads 36 and 37. 
Switch 59 serves to effectively deactivate the AGC 

50 loop from the system when it is desired to initially 
set up the analyzer and sorter for a specific droplet 
delay. After the proper time delay has been set, the 
AGC system 64 is armed or activated to maintain the 
desired breakoff point Prior to activation of the AFC, 

55 the voltage output terminal V Q (lead 37) is adjusted 
to the same amplitude as that on the normal path 36, 
by means of potentiometer 67 as is indicated by the 
null detection meter 68, afterwhich switch 59 can be 
thrown to transfer control of the power amplifier 30 

60 to the AGC system. 

Another way of monitoring the breakoff point 26 
on the jet 1 6 is by means of a system including a fast 
change detector 70 to which the rectified voltage on 
lead 56 is fed. The output 80 of fast change detector 

65 70 is zero if a D.C. signal is being applied (which is 



the case when the breakoff point 26 is constant) and 
changes from zero if a "fast" change in droplet 
breakoff point is encountered. The polarity of the 
change in the output 80 of the fast change detector 

70 70 indicates whether the rectified signal level from 
rectifier 54 has increased or decreased. The output 
from detector 70 can drive an alarm circuit 72 to alert 
the operator of a change in the breakoff point. This 
same output can also drive a relay system composed 

75 of a driver latching mechanism 76, which, in turn, 
serves to automatically disable the sorting system, 
via leads 78 in the particle analyzer and sorter. 
Operator reset 74 serves to manually reset the driver 
latching mechanism 76. The alarm 72 can be made 

80 to indicate the type of change in the breakoff point 
based on the polarity of the output from the detector 
70. 

Figure 2 diagramatically illustrates one form which 
the electrical circuitry of the fast change detector 70 

85 may take, including the relay driving mechanism and 
the operator reset and the alarm. Figure 2 shows 
both the audible alarm 72 and a visual alarm 71 . The 
change of the signal on lead 56 is coupled to the 
amplifier 70 by capacitor d. This A.C. signal is 

90 amplified and applied to lead 80. If the signal on lead 
56 is a constant D.C. value lead 80 will be near zero 
potential. Lead 80 is connected to two comparators 
77 and 79 which are configured to sense variations in 
the signal on lead 80 in either polarity away from a 

95 zero potential. A slight guard band is used to allow 
for amplifier offset. When the signal on lead 80 
changes, the appropriate comparator senses the 
change and switches. The switching is sensed and 
latched by the latch 81 . The Q output of the latch 81 
100 switches, disabling NAND gates in 78, thus interrupt- 
ing the sort signals. The switching of the latch also 
activates both a visual alarm 71 and an audible alarm 
72. The values of capacitor Ci and resistor are 
selected for speed of change while R t and R 2 are 
105 selected for sensitivity to change. 

Figure 4 illustrates the circuitry of the transimpe- 
dance pre-amplifier 46 of Figures 2 and 3. Figure 5 
illustrates the circuitry of the A.C. amplifier 48 of 
Figures 2 and 3. Figure 6 illustrates the circuitry of 
110 the D.C. amplifier 50 of Figures 2 and 3. Figure 7 
illustrates the circuitry of the voltage controlled gain 
amplifier 52 of Figures 2 and 3. Figure 8 illustrates 
the circuitry of the full wave rectifier 58 of Figures 2 
and 3. 

115 The values of the components as well as the 
component parts illustrated in Figures 2 and 8 
inclusive are merely illustrative and may be replaced 
by equivalent parts and circuitry to achieve the 
desired results. o 

120 Modifications can be made in the system embody- 
ing the invention without departing from the spirit 
and scope thereof. For example, since the A.C. path 
48 contains the basic information constituting the 
amplitude of undulations on the jet stream, the D.C. 

125 path 50 need not be used in a simplified form of an 
embodiment of the invention. 

It is believed that this invention has been disclosed 
sufficiently for those skilled in the art to appreciate 
same and enable them to practice the invention, not 

130 only specifically as embodied herein, but in various 
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forms as encompassed by the full scope of the 
invention as set forth in the claims appended hereto. 

CLAIMS 

5 

1 . Method for use in a droplet generation system 
wherein a liquid jet stream is produced and vibra- 
tions applied thereto in order to produce undulations 
on the surface of said stream and subsequent 

10 breakup of the jet stream into droplets which are 
collected downstream, and sensing the undulation 
on the surface of said jet stream at a point on said 
stream prior to the breakoff point of said stream into 
droplets, said method comprising the step of: con- 

15 trolling said vibrations as a function of the undula- 
tion at said point. 

2. Method according to claim 1, wherein said 
point is fixed. 

3. Method according to claim 1 which includes 
20 interrogating said stream by applying a concen- 
trated beam of rays to said jet stream at any fixed 
point on said stream prior to the breakoff point on 
said stream into droplets, and wherein said step of 
sensing includes deriving a D.C. signal from said 

25 interrogation which is proportional to the amplitude 
of the undulations at said fixed point, and wherein 
said step of controlling said vibrations includes 
controlling the intensity of said vibrations by said 
D.C. signal in response to a deviation of said 

30 amplitude from a predetermined level. 

4. Method according to claim 1, wherein said 
step of controlling said vibrations includes automa- 
tically controlling the intensity of the vibrations 
applied to said stream in response to a change in 

35 said amplitude of undulation at said fixed point in 
such direction as to restore said amplitude of 
undulation at said fixed point to its original state, to 
thereby prevent drift in said breakoff point. 

5. Method according to claim 1, wherein said 
40 step of automatically controlling the vibrations in- 
cludes automatically restoring the value of said 
amplitude of undulation at said fixed point for 
deviations below a predetermined level, and further 
including the step of automatically disabling said , 

45 system when the deviations in amplitude of undula- 
tion at said fixed point exceed said level. 

6. Method according to any one of claims 2 to 5, 
wherein the vibrations are controlled as a function of 
the amplitude of the undulation. 

50 7. Apparatus for analyzing and sorting particles 
suspended in a liquid, said apparatus including jet 
means for producing a jet stream from said liquid 
suspension, vibrating means for vibrating said jet 
stream to produce undulations on the surface of said 

55 stream and subsequent breakup of said stream into 
droplets for collection downstream, radiation means 
for impinging a beam of radiation upon said jet 
stream at a location thereon prior to the breakoff 
point of said droplets, and sensing means, coupled 

60 to said vibrating means, responsive to radiation 
scattered by said stream , for providing an output 
which is a function of the undulation at said location. 

8. Apparatus according to claim 7 where said 
location is fixed. 

65 9. Apparatus according to claim 7 or 8 wherein 



said output is a function of the amplitude of the 
undulation. 

10. Apparatus according to claim 8 or 9, further 
including coupling means, connected to said sens- 

70 ing means, for providing a signal indicating a change 
in the amplitude of undulation at said fixed location; 
whereby said change in the amplitude of undulation 
correlates to a change in position of the breakoff 
point of said droplets. 

75 11. Apparatus according to claim 10, wherein 
said sensing means includes a photo diode, operat- 
ing, in use, in the current mode, so positioned as to 
receive and detect the rays scattered by said jet 
stream as a result of impingement by said beam, 

80 wherein said coupling means includes rectifier 
means coupled to the output of said photo diode for 
producing a voltage which is proportional to the 
amplitude of the undulations on the jet stream at 
said fixed location, and further including means 

85 coupled to the output of said rectifier means and 
responsive to the rectified output thereof for indicat- 
ing a change in the amplitude of undulation at said 
fixed location and particle sensing means operating 
at a point prior to the breakoff point. 

90 12. Apparatus according to claim 11, further 
including an automatic gain control circuit having an 
input coupled to the output of said rectifier means 
and having an output coupled to said vibrating 
means for altering the intensity of vibrations applied 

95 to said jet stream in response to a change in the level 
of said amplitude of undulation at said fixed location 
in such direction as to restore said amplitude of 
undulation at said fixed location to its original state 
and thereby correct for a change in the breakoff 
100 point of said jet stream. 

13. Apparatus according to claim 7, 8 or 9 further 
including a trans-impedance operational pre- 
amplifier means coupled to said sensing means, an 
AX. path means including an A.C. amplifier means 

105 coupled to the output of said pre-amplifier means, a 
rectifier means coupled to the output of said A.C. 
amplifier means for rectifying the signal obtained 
therefrom, and means coupled to and responsive to 
the output of said rectifier means for alerting the 

110 operator of a change in said breakoff point. 

14. Apparatus according to claim 10, wherein 
said sensing means includes a photo diode so 
positioned as to receive and detect the rays scattered 
by said jet stream as a result of impingement by said 

115 beam, wherein said coupling means includes recti- 
fier means coupled to the output of said photo diode 
for producing a voltage which is proportional to the 
amplitude of the undulations on the jet stream at 
said fixed location, and further including means 

1 20 coupled to the output of said rectifier means and 
responsive to the rectified output thereof for indicat- 
ing a change in the amplitude of undulation at said 
fixed location, an automatic gain control circuit 
having an input coupled to the output of said rectifier 

125 means and having an output coupled to said vibrat- 
ing means for altering the intensity of vibrations 
applied to said jet stream in response to a change in 
the level of said amplitude of undulation at said fixed 
location in such direction as to restore said ampli- 

130 tude of undulation at said fixed location to its 
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original state and thereby correct for a change in the 
breakoff point of said jet stream, disabling means 
coupled and responsive to the output of said rectifier 
means for disabling the sorting function of said 
5 apparatus, said disabling means including a fast 
change detector means and a driver latching device 
coupled to the output of said detector means. 

15. Apparatus according to claim 13, further 
including a D.C. path means having a D.C. amplifier 

10 means also coupled to the output of said pre- 
amplifier means, a voltage-controlled gain amplifier 
means coupled to the outputs of both said A.C. and 
D.C. amplifier means in such manner that the output 
from the D.C. amplifier means controls the gain of 

15 said voltage-controlled gain amplifier means, and a 
connection from said rectifier means to said gain 
amplifier means, whereby said rectifier means recti- 
fies the A.C. signal obtained therefrom and produces 
a voltage which is proportional to the amplitude of 

20 the undulations on the jet stream at said fixed 
location. 

16. A method for use in a droplet generation 
system, the method being substantially as herein 
described with reference to, and as illustrated by, the 

25 accompanying drawings. 

17. Apparatus for analyzing and sorting particles 
suspended in a liquid, the apparatus being substan- 
tially as herein described with reference to, and as 
illustrated by, Rgure 1 of the accompanying draw- 

30 ings. 

18. Apparatus according to claim 17 having a fast 
change detector, relay driver latching mechanism 
and alarm circuits substantially as herein described 
with reference to, and as illustrated by Figure2 of the 

35 accompanying drawings. 

19. Apparatus according to claim 17 or 18 having 
signal conversion circuitry substantially as herein 
described with reference to, and as illustrated by, 
Figure 3 of the accompanying drawings. 

40 20. Apparatus according to claim 19 wherein the 
signal conversion circuitry is substantially as herein 
described with reference to, and as illustrated by, 
Figures 4 to 8 of the accompanying drawings. 
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